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(57) Abstract 

In a conventional process of producing a nonvolatile ferroelectric memory (FeRAM), denatured layers are formed near the interface 
between a PZT and an electrode due to the diffusion of hydrogen used in the process or Pb contained in the PZT into the electrode In 
addition, stress caused by the difference between the lattice constants of an electrode and a ferroelectric thin film is left at the interface 
between the electrode and the ferroelectric thin film. The decomposed films and the stress deteriorate the initial polarizing characteristic of 
the ferroelectnc capacitor, and the deterioration is awful when the polarization of the memory is repeatedly inverted. In order to solve such a 
problem a ferroelectric device of this invention having an upper electrode, a ferroelectric thin film, and a lower electrode is characterized in 
that the ferroelectric tiun film is made of a perovskite oxide containing Pb and the upper and lower electrodes contain an intermetallic 
compound of Pt and Pb. An electronic apparatus comprising the ferroelectric element is also disclosed 
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(54) [shu©**] mtmfrm^Rwmm&m 
(57) ami 

^JffBffiSaSISfM^U (FeRAM) fci$V>T» 7n 
•kX*®***. PZT4>©Pb©Stf^©ll!;|lt± 
0, P ZT t«* t©IHSiff«#ififc^«B)fift*riESn 
*. ttS^&iS*#B*l»0>IMlifctt. tt^j£»g 

0. 36^M8B±a5*«a^t(»IBTffl«««t, PttPb 

6 £18 t^«^«sic^ViTWjs-r a. 
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mxm 3 ] ±.&nm t mmmi^mm t r^mm^-t z> mmm^m^^x 
, mmmmw-nmt^m,7tm^^ti^<ny^^4 Ywmim%*>L from 

mMm5] m^mi - 4mm<D%iMmftm^m^x, mm&mTtmft p b x 
*> <9 , Mmm&m& p t -e& ^ % Htfis^m^b^^^ P b 
5 o %sxTx&& x o t& p 1 1 (D&mmik&ifoxh y> , mmm&mjmft, t 

i Xh 6 r £ &<rms t -r 6 

SPMS^ % p t |:Pb %m^-%X 1 0 %J^± 5 0 %WT©«5BB"e^-cv>5 r £ 



(3) 



o 

^^•l&^^S^jt^i-S^^it^Wb, (ill) ISft, (l 

oo) aarpj. (iio) gB^^r^fc^ia^i: lti^^ t£#m^ir-5$& 
rnmm^th^ (m) ia^^^« a o o) gafr, (no) mfa 

, mum imt mmw> 2m t (D^-^mm^ 3.5 %ufoxh& ^ t Jtmm t -r 
b u ^mmr^mm<D^^mb mmmmmi^mm^^mb <om* 1 % 

i: u ^mmr^mm<D^^mbmtmmmi^mm<D^^mb(Dm^i% 

Biff*si 0 ooAmTTfc^^ir^^m^-rs^fim^m^o 

1 5 ] tmm 1-14 ie«(D^$i*#:^^, ^^m^m h ? 
Tszw- h±^Km£ftx\,^^b&¥fmbTz&mmft**V'tJK 
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[m&m 1 7 ] m ^ 15, 1 6 mM<o&mnfc* * y ±/u%^-rz> ~ 1 £#m 
[it 1 8 ] m^m 15, 16 mm<D&mnf$?i ^ y ±/u&#-fz>- 1 
im^m 1 9 ] tmm 15, 1 6 mmofammfo* ^ v ±ju&m-fz>z- b 

b-r& I C#-K 0 
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*mwn, mmmt£m^mfr<9, mz*m&imnn,t***» (FeRAM 

r X T i 1 - x ) O3 (PZT) , SrBi 2 Ta 2 0 3 (SBT) ^(D^u^f 

&nmm*&%(D'£i\:*v5<:tim^, ik^m^fexmmmitmcmfrtcp t 
, 1 r m(Dn&mwwm\^btix\^z> 0 m*.^ #n^9- 1 0259 

±M&$k&mx\-±, *^'<i'?mj&fe(Dm<n7u^xx%'£'tz>jkm\z-&^x 

> ^3 ^y^r- v^^Xfl 
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wm^mnm^f^, wmtwowtk^? &\z.m lx 

<DUW&&k^ofm\zm\^x\&3%&&fix\^t£\\ M^ufcj;9(^ mmmw- 
wmmxt. f^mm^^mxnmm^^Lwm^m^^xh^fzib, mm 

j:i?)8 o o wiii^-et^(t^p)^v\ %<Dm, mmmfcmmfrbT 
j =f"vt±, ^hWh^i-pzt^^p btfT&mm(DP t rtcstu p 

ZTfil^^m^Sjfi^f CP b - p o o r &£MtfS£fifc-r5£v>5l?8Sri s fco 
£7c, _hfB^fi^-e«, PZT^Pti ^^^^^^^v^ £ 
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mRx^mmr^mm^, mm^m^mtn^mt <D^mmt^^t^ z. t 
mt-rz> 0 

^mmt^mmi^mmtr^mm^^-r^mmwrn^m^x, m 

•ate m&±.\z.s<y7 7 m, Tn>nM, m$mwmmmi>mmznx\^mi 
mmtkm^^^x, mm^^^Tm^m^m^fcn^cDmt^xh'o, mm 

- - x\ mm&mjtm& p b x& , mmn^m^ p t x& v x Bufe^mpsi^ 

P b <D^*75W^-%-C4 0 %i^TT?fc6 <fc 5^PtiPbi: co^«r^ 

^1501^ P t-Pb-^^W^SHSr^-r^ (B^JS^Si^Jl^-- 
^^^^^IT3m, 5 8 OK, ^L#, 1 9 9 3^) , ~tl^£Z>t¥ffiW;MXt$ 
P t tdP bte@?gL&We:*6. P tluPb £r$s;#P LTV > >< ^ „ Pb^/iV^P 
t L 1 2^^it^^MP^b^%P t 3 Pb k<D2ffi*mtte& 0 % 
LT P b 0afli^g^°/Dt 2 5%C/^i;, P t 3 P b 
o ^^IKTizli^Tl^-S P b (Di$^ikl)*}&^F%X 4 0 %^T"Cfc-5 <fc 5 & P t £ P 
b b<D^mmt^t\^ ±t LT^OP t 3 P b &m-f-h<DX&Z> 0 L/^Ufc 

^iil^UcPbfeM OlWo^±©P t t P b i:<D^aP H m^^^ t 
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*S4 oi^%top t * p b to&mmfc&vo&m-t-bwhz,, 

% (111) ibir], sytta (100) gaiBj, -£tcn (no) iBi^Sr^yts 

Hi: (ill) EfilS-fcW: (10 0) BBIrK ^fcte (110) BBl^Sr^Sia 
r^5BBf6]J tel^i LTfffi LTl^5 0 

i&-fz><DX\ ffiM*4mmmjLmz&tfzffi.mmfcmm(D'£ik\zttLxn&w&^ 
fczit'&tw m&K&mn. ±unmtmsntmmb<Dftmzwmu mm 
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o ^<DM&, P b ©tf 1 W% t 5 0 Lf 9 ^ m&tmTLs 

bfc J: 5 Tte, P Z T {cixm $ttSJ:5^Pb Sr^fr ^ n y * # 

•TZtiK PZT(Di^|i^|6 0 0 < C^^8 0 0 < C^T*©®if$)^ »S 
L^L^^^^fflV^tbT^fcMP tTU ^fb^a i P^PZTtp(DP 
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, mm<n5bm<ofcikm^ ^wn^mmti^^, urn, mmz-i&ft-r&vK mm 
\z.p zt -mmmx*(DP bmmm&'hts < LT&rm, ^m.nmm^^f^\ 

P tmU^OP b (DUWt&JbhfrZtb^mV, PZT£rPb~r i chft*fi$c 

^t>h^Bitm^m^(DPZTm}^(Dmm^m^xmmxh^ 0 i&mv> 
x. b \c hhfrcfrp tmm^\-Pb%^#£i£Z)^mxhti^ pzt« 

rnnm^p t -p b&mmik&m&m^&z. tiaot, pzt©^ 
jjfa* (fcc) ^^fit^ Lfcn 6m^-rx ?t£Wmmtm^m*h 

ofc|§ftflHt"C*)5o H'K lOlttPtHf, 10 2liPbIf, 10 5I4T 
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im*Xnz rH^STTTJ-To Ml 1 2M3fefifllatS:WfOP t 3 P b 

iix ZSCSMfiP. Villa r s and L.D.Calvert, "Pear 
son' s Handbook of Crystallographic D 
ata for Intermetallic Phases" ASM Int 
ernational, (1991) \Z Xtllifo^jfc&tfi 4 . 0 5 8 Affc f9 , 
U 6ifeffl|©FCCtfe5P t©^t3. 9 2AKJt^ ^fim^^T 
fcSil 6l*|^o^*^ hS*SfiflBt<DPZ.T©«H? : ^jR (XffiiU (K 
. Kakegawa, et, a 1 . , Solid State Co mmu n. 
, 2 4, 76 9 (1977)) 4. 0 3 6 At^g£>Tj£l vfiti * «9 , -tfcM&^Jt 
ifc^teO. 5 5%i45, ^ot, Pt 3 Pb±^PZT©Mlt Pt±(C 

ftp zTmmmbtiZo ^tc, mm^tzx?^^ r&nmb pzt^^ 

, S i ^^StR±T« > T i fc5V>UT i N©/^j/7 7|o±l:^ii!cLfcP t 

T§pm^« (111) s(-^<ia^L j ^-r< x wt^ttPZTt a 1 1 
) E^gaipj^^Bftg^- bfttobtix^Zo pt^ (1 1 1) miz-mfa-tzcD 

tt, l^eHtit, ft^^W^ttttlltfcBBi-S P t^Ti £tf>*BB8tf*&#k;h,5& 
P t b±% < mt£bt£\<^<DX\ T^mmt UP t^ftfliCT i^y7ri©± 

\zMj&Lxmmt£ (1 1 1) BfiiPi^±/c5gafR]i:i-5- b&nmbtz&o s^l 

P t - P b ^JS^^^O^rdS P t £<0hPZT t <D&?femm>'h£ 

Wcfe, (l 1 l) BBrpjSr^SgaiRli: LfcP tTgpm*i±J:«9 1 ( 1 1 1 ) SB 

ft &±tc sib^ afcpt-Pb ^Jsra{k^T«»m*i±tc pzt l/c^- 
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-cD-ramM p t - p b ^n^b-g^, p z T^mm^mm^mmxmm lt 
, t i s<y7Tm±x*mm\z.mfa-tztc»b, izoTSPiiiPt-Pb^u?) 

mk^vrm^wtrt&k^ t i ^^^rm^m^m^Tummmp t-Pb 
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EAT, *ftW*mMM\z£ 9, MSrfflVM:, ^W^Ift^-rs 0 |U«pT*/BV^ 
f>tb5^li % |JAT©ii«?"e*)5o 1 Kill, 151^^771, 16teT£B 

mm, 1 7 «±^ms, 20iiPt-Pb ^sra^^Tgumfii, 2 i « p t t 
nnmmim, 2 3itp 1 3 Pbr^mmm2m. 2 5«p t-Pb^jsp^-a* 

fe-tSUSft, 2 6 f± P t TSB«fe 2 7ttPt ±SB®fo 3 OliPZT fammfc 

mm, 4ottPt 3 Pb±Miin, 4 4iiPt±gpiii 21, 6 ms 

6 2liSi0 2 l, 6 7tey-Xg|$, 6 8f±KW^§P, 6 9te^Jg/l 
, 7 1tt±§Pm*i, 7 3ttTSS«l, 7 5^iIME 7 7li/^77 7 |, 
7 9lii«, lOlliPtl^ 10 2ttPb^ 10 5ttTiI^fcUZ 

r m^, 110 ttife^n^, 201 n&mmm ic^-k 202 tt^m^e 

, 2 0 3iif^MiI, 2 0 4i^ ; eyrtl^n^> 7 ^ 2 0 5ii7y 

(^Jfe^J 1 ) 

«i ira3&Bfeflrc7&£Lfcs i o 2 I^s i z^^mfc, ^yyrMi 5« 

3 0 0 < Ci^P^L^^^^^ S /^feT^Jp2 OOAtMUT i«*C*)5„ T 
§1511^2 6(2, 0 0°C^P^L-CX^5/^fe-tr^L7c:^l 7 0 

0 A©P t JI£ L7Co 
3l»«fl«R3 0l4, Pb (Zr o. 52Ti o. 48> 0 3 »PZT| 

L7t 0 ^<£>^, eiftlMi LT X &i£jqf!&ife (Rapid Thermal 
Annealing: RTA) \CX 6 5 Ot, 2 

H^i'p-c^igLTCo zz-vnbtitLPZTnmn. xmmmm^^^ (m 

*^JSM-ea, ±gpmffi 2 5 P t - p b ^JS^fb^S^Srffi 

^opt-Pb ±gpmfej^sr 1700 A^mmx'ftm tfc 0 ^js^-m, »tk 

*3B7c^b«M4^^raftP bfifiWfiH«rf|'<5fcai>fc: % PblM^f%-co% 
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^f>4 o%j^f^Mt ©±^m«t/c 0 fc&+<D&mmtft&m. 
t3o o°c<D2mmt tfco z.tib<DPbm.f&&m<D?t>'Pt£< thm?%xi 

^fft^S (2nd7^) £J£L7t 0 ^fc7K^Mb#'l4 
&IWt-5fc#>{^ He - 3%H 2 #ISM c fT^3l^^ ! S^^j6SU, t<Dm& 

^2iil Pt, P t - 2 5 a t . %Pb, Pt-400at. %Pb £_kg|$ 

o j;b^j-efc5P t _Lgpa;a-m, is^y&Mjg i 5 o°c&,±xm%ftMm> 

(STL 3 0 0°C^fi^i:^^Mm#tt^M</ c eoTL*5^, *HM0!H-J:<5 
P t - 2 5 a t . %Pb, RtfP t - 4 0 a t . % P b ±$PmST?tt, jItE!^ 

i3il^H:, r^k^fc^y ^*0^L7c:„ S3 0;fcfl| (Tfll) Ojfcfcfc 
MT*$>6P t±gpm^T1±3 0 OttMlI^otV^^, ^ife-W^iS^ 
3EIcpffl|(7)P t - 2 5 a t . %Pb, &t^5 3 Krffll (±ffl) (7) P t - 4 0 a t 

. %Pb±Mim 3oo < c©ixi»<toT'b, t^^y v-^#tt{- 
*#*^fl:ii»*fctL*v\ -r #Hifi0»j<E> p t -p b±gpm^«toT 

i4@tt, 2 5o°c, i o^ra©a7cfKi«iai«©»e^si, pt-Pb±gp 
nm<DMKm&mm<DmmftmmxMmk:Ltih<DX2bz> 0 ±&mm<DP t^p 
m&*L%\,^t&&frz> 0 tot, »ii^#tt^m^w, pt-Pb±§pms 
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*t <tez>z.tj)m&£th% 0 tfimmm>±%<teZ)b, ^sis^-ttsfcfe© 

- p b ±gpm^-e(i, ±^mm^(DP b #u&^±t *p it & , fommm^^ p 

nicpT\ ami, y*-vm£<Dtztb<Dmm&m&(Dm$:7jk-t 0 omt, 250 
°c, io»He-3%H 2 mmn.^(Dm^m i ^m^(Dm^7jk-r 0 

f£#£LT, 5V, 5 0 0KHz©MUI^ii9lUxi, ^iPr#tt^ 
/c 0 *mMffllZ-£Z> P t - 2 5 a t . %P b (P t 3 P b) _b§|5m^^^ (H 

^^•^-r o ) , WJ©Pt±MH©i^ (m^e^LO-r^i-o ) (cit 

z.b&m&^fr 0 

m7m\^\-±, ^tib<Dm9$umm'&<D\ix^r y ^^m. (^n^ti. Fa t i 

g u e fik Fatigue %kX^~t) £^ Vtz 0 m 7 m&W(DtfMM(D P t _Lg& 
m^-C«v 1 0 1 0[H]c7)#Kjf££Sfc|^ a^Mfi^g^^T^bLT 
V^5o H7E|^(D^:||^J(- P t - 2 5 a t . %P b (P t 3 P b) _h§P 

Sittt, 1 0 1 °HI©^Mt)»Sfi(Of ft(i/h^v\ Z-tilt, Pt 

1) liPt-25at. %Pb±S|St«Srmtfcm (2) f«*L£6 5 0 
0 CT^^SUfc^(7)^m-efe6o WftLt), ±SP«fliRWt&JR|RIY^«fP t 
3Pb"C&»), (ill) l:HEiPitfcPZT±|: x ( 1 1 1 ) gfift£^7~5IB 
^JitSP t 3 PbJg|;«/&LTV>5 0 XRD^TIi, ^t4. 0 4A|: 
Mt5 (111) , (2 2 2) Ofc^t, H^t3. 9lA(*t5 ( 
111), (2 2 2) lf-*riS3B<tfcffl£ftTl^o fl&#fcJ\ te^5£&#l3:£^ 
¥m Cffe5P ZT bP t 3 Pb, &#ttT8&®f£*?*>5 P t Sr^-To "f^t>*> 
, PZTfcte^SE^fefcftftfcP t 3 Pb±a$miS^fife$ixTV^ 0 
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If © X R D/^ - ytli P b O (7)^^,Tt^/>^ fc"^- ^ ^ 2 0 = 2 0° ~4 

o° <B«#-c#kJh/ri^a3, ±uwm<D^^tp t 3 p b©tt©^» 

, BBIrH4t?##LTI>5 0 r<7)j;5{-, P t 3 P b±gpm*S£, PZTi©ftf 
r Victor, tK^(cJ:6^^>^<, BI«^«Mt^«tLfc!ft»«flc*^Sr# 
X^U—fe, ^ hWMOCVDfe MBEfe, if^^^v^ 

^sr^v>Tt^v\ p t^£Pb?ijgi&^3LfaK/iu f»ai-<5r£ 

TP t - P b^I^«5lSr^t5*feSrfflV^Ti^V\ ^bt^iP tJi& 
JBfifcLfcft, fc?.v>liMt^^P>liI^t'Pb-fty^aAt5^^ P 

mm 2) 

SSH, ^5'77il5lt ^JS^Jl T* Lfct><7)£I^Ct> 5 0 i"*t> 

1 5te3 0 CC^iPBbft^b^y^fe-Cilff 2 0 0A(«lfcT i 

5 0 **sfeMt?tt, r§pm^ 1 6 ^p t *»e>3&sTSu«ttji ii2UPt 3 p 

il2 Hi, ^/N°5/^fe^<t<9 P t £3 0 0tl;JHit*i5Sf) 1 0 OOAMLfc 
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t - 2 5 a t . %p bii^©p 1 3 p b^mmit^m^r^mmm2m2 3 1 

3litMi3 0li, Pb (Zr 0 . 52 Ti 0 . 4 8) 0 3 »PZTf 
^?rlWID<^^^^^-e^L7to ^W>J-C{«raS{^# % Jg£]¥telOO 
0 Ai: LTcio ^.fl^f^S i: LT, ^.»P^fe (Rapid Ther 

ma 1 Anneal i ng : RT A) IZLX 6 5 0 °C, 2 #P^B*0;S&r|£^i{i 

mmmmwpxmm^tz 0 
m^^x, ±^mmi7^, ^mmw-wmz.m^tz.^h±nnmm-mA o, 
4 4 (D zmm^t Lfc 0 ±gpm^-ii 4 0 1 i^xr^mmm^ 
12 3 i:^/i^rfe-ep t 3 p b zmmxi 0 0 0 Att^l, ±^mmmr.m4 
4 ^ LTTgpm^-g2 1 tmm^mxp tm&x^v?mz.xmmxi 0 

OOAff^bfCo 

iioift %9m\^\^tc*mmm<D&mmfc*^^>*mikiz.te\^x, & 
0 frftm-TZM, ~r?j:fribT$vmmm2m<DP t 3 p b^afHH^ 
^iiSrffMb^Pt-e^xRD^mTfcSo (111) ffi&±tcz>mfat up 

t <Z>I?#£gttTP t 3 P bri* (111) ®{C^<IEft7f^LTV>5 0 P t 3 P 
b^^«4. 03-4. 0 4 Agl, Pt©iMli3. 9 1"efco7c: 0 

^iim{i. Ti®mmm2m2 3©PbMm^*fc^o, r^m^e 
©i&^^&^bfc s 0 v^rtt^-a-^, Tgp®^H2Ji2 3©pt 3 
p b ^jir^ft:^®^^^^^^, r^mmm ii2i©ptii)*t'<, 

^m#:*I^PZT(D#:^CifiV^t ) Oi:^oTV^So &*3, TSPmiSB 2 S 2 3 <7) 

p t 3 Pb&jgr H m^wi©&^m<^te, mmaiLfc^^s^LppoT^ 
u 30 0°cxf&mLtci§&%m%ft)mx7r;-f o r^mm^ H2i©pt <d^- 
^*&j§iL7cm^£&H^A^u 3 0 o^-e^bfc^ 

>^mmx^-r 0 

VMtif^frt^Z, r©PZTiM#:|fi (111) ®^^<S2f^UT*3^, 
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-To r^m^iii^p t, TiaJSftf 2S©pt 3 Pb, ^imii©pz 

T\ £t>l£ (111) ®K#KISfrLTl> 5 COT?, II 2@l^ft*I^J 
SrfcSrt»c/jjS 0 gl2@m «^«I»-#Jilc*5tt5 (111) ffi^lo/f 
tt^LT^6 0 l^fl 10i«If, 1 0 2tePbJgi\ lOlttPt 

^mmmxmhtitz pt, pt 3 Pb, pzt (D^^mt^ti^ti 3 . 91 

A, 4. 04A, 4. 04A-efe5(DT% (ill) Em^iOTfTO 
Utt-ttt^tL, 2. 76 A, 2. 85 A, 2. 8 5Ai45« PttPZT^ 

iF-^BS^SliJKi 3 . 9%-c&3fc«\ TgBWiiOP tllcijlgpzT^tsi 
3fi^m^#14o^k©JlHt/j;St>OTS)5 0 — Pt 3 Pb 

Sfc, ±SBm^— Jil^P t 3 PbW^5fcJ6, ^0«lT^Lfcil(c 

XMMM'Vfe* ±g&H;^£P t 3 P b©Ilf, Pt©l2igi:-LTV^ 0 P 

±MwmbMmt<D^^*? bms£ik-rz>^mm>hz> 0 p t©igisiisi2 

tt, ::T1iPt«fclft^ W, Ta, I r, Ru, Pd, Ni, 
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^foh<DW}^&v . *mMm\^tf&mmnwm*\-±. m^m^- (e c ) 

-k<DXh& 0 
(MMM 3 ) 

mismi-i, *mMMiz£zffimmftm^<D*^^i/?%$(Dmmmxh<9 , _h 

*£Z>h<DXhZ> 0 

mmi ms i i7^^&«-c&?k mmfcxnmLtcs i o 2 i^t©t 
ltp t -p b&mmt&yomm$:x/<y?mxi o o o Anm^tc 0 ^<Dm, 

*'*y*f&*—?y V b UP t - 2 5 a t. %P b<m/&<D^!£tt;£Ji!i\ 

^«p<ds^p^^?t3 o o°ci l/c 0 r<z)p t -p b&mmik&yonmtexB. 
o (ill) ffi(ommfamxhz>^b$:mmi<tc 0 

^ltMl3 0iLTPb (Zr 0 . 52Ti 0 . 48> Q 3 »PZT 
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lil)1 2 0 0Ai Lfd 0 ^CD^, ffighitmfcmk IT, ^Anf&fe (Rapid 
Thermal Anneal ing:RT A) CT6 5 0°C, 2^^^fi^; 

^%<£>_hgpmi& 25^1 00 0 AtT^ LTCo 

^ O i 5 L t# bixt^iifrif ^ T E M - E D , S IMS^ 

rx$ i c p##r& L^m, p z Tmm-b±i$, r^mm^p b <D&tm^ 

^^«it^i-5#MP^t:^p t 3 Pb»MLTi^^££Hls Lfc 0 r. 
r©pzT» (i 1 1) s^^<ia^LTv^-5^<t hmm^fro ^.tm 

, T^mmfc (1 1 1) S^IEftLT&i?, -^co^^i: PZT(D^^/5S 

-^^g^m^[ii^^m^b#^nfc^(7)^mr^b'a'^p 1 3 Pb©^£ 

®^^wj^tLxv>5o ±-&mmich&mmk&wp t 3 p b^sr^^c 

^fb^m^^, ^mMM^tertzfammfom^tt, <sv^m# (e c ) 
&#t^u ^o^t/iig^i (Pr) %mz>z-tft»\mbt£ot' a zbK, m 

mi 4 Site, ^B^OBU^]!i#iJ(CJ;5^m#^0^^/Ni/^^(7)»f®|§l 
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, ^y77Ki, £1**&fe0»J2 <b|5ja^^T\ OOOA©Pt| 
o ^LT, ^JUI^t^tPZTllrlfT-1 2 0 0 Af^cU 

t (DT^m^-ii 2u, p t 3 p b ^mmt^^^timmmm 2m 2 
3 t(D2mm^hte&Tt$'mmi 6frmf&£titc 0 ^<d^ ±.umM2 7 

TP t^^^^^5/^fe^Tl^if:i?l 0 0 0 AffMLT^Mm^-Y^i/* £ Lfc 

o 

if*>b<7)B#^-eti, Tf^jHlte (1 1 1) ®^^<ISfB]LTV^fc 0 rtt 
(4, T i 0^y7rfl 5<£>Ifl|B]CD|£#£gttTP t S*S|BlRl^fiJcbytj|$*-C*> 
0, T i^y7r«©ii[-b^«EaS:K»t*rt*< P t 8«rflMfcL;fcJte&-C*> 

»16, ^it*3 0HI^ SiV«|^|±#5it^-e#J&<)fc5o 

z.tih<D%)3fklz3:*), ^MMM^tetf Zfaffinfam^tes <£v^m# (Ec) 
SrUfcfU a*o*tfc?ie#Jfi (Pr) Sr#sr £3*1^4: ft 0 fc 0 ££>t^ m 

<^*m£ftofc 0 
(»5) 

s i ^6 1 m/bv\ ^ti&mmm<ki,xmm2 5oa©s io 2 i6 

tifc&ftttzcvnmz-i. <0 mj^4 5 0 0A(7)S i C7)/1? y ^ y *^£rJFMU £ 
k^ffi^ftiLTJ^J?^ 5 0A©S i0 2 i62 SrMltMO SgB 
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0 O'CfciPf&LfctfSbfllff 2 0 0 0 AODT i/^y77il 5 Srff2j$Lfc 0 -tf>± 

(c % nm^ji x^M^ti^p 1 3 p bTwmm2 o, pzT3$ii#;ii3o, 
p 1 3 Pb_h^m^2 5^^/^6^(D^iim^T-^7T^-r'5r tx\ &mn 
ft**v±^&ntc 0 m^xnm^m^m^Lx^^^K KM^6 8«pt 

19, Ki^-r>-^6 8»pt 3 p bTgpm^2 0— r/i-^^^A#^.^m 
fMT^mmfrb±.&mM^m.mR&±<Dmj±£WM-f&z. tx\ mux^m 
%m&~rz>^tK£^x "0" £7cte "1" oi^ima^^ywfc 

m?m%kj)mhtiz>h<Dxhz 0 

mxhz>o *¥mfcmmn, mMMix^vtcmmnfa*^^>?&2ikK^ 
m-rz> <£ 0 ^ rmmm* 73a, 7 3 b , 7 4 c , ±gB«s& 7 1 a , 7 

lb, 7 1 c ?Km^mft-fZ)£ 5&$I^ML/h 0 #*<£>^-t 

^•v* mmm 1 tmc< ±tiii- pt-Pb &mm\&y*. &mwmt& 

7 5iCPZTSr^V^V^S 0 ^fc, T^m^7 3a, 7 3 b, 7 4 c, 
7 9<E>ffi{ct;t, T i cq/^5/7t^7 7£tS:ttTV^ 0 
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^MXhh a If7»|n^^i5\ W^-7x^^|$3 0 1iCP 
U^-y h3 0 2 <^f§S£M^ygfl3 0 3 i <0mf$£tlZ o CPU^y h 3 
0 2 ft 7Kl/^^yh3 0 5, ^T^-~ y h 3 0 6 , ^^5/h3 0 7, 
y^^.^ y h 3 0 8^i^#|^$tbT*5t), ^M^^M^y g|5 3 0 3 i/Ua^y 
> 3 0 8^^LTtM^«9^f9-r5 0 fiiDi?y^tt, fl^T i'* — 7^ * 

i^Mi^fitt, ^-fTi/^^T^a-a-i:, mmm&fr^Tft?m 

&ft#Z>o %mmft*^V g|33 0 S^^n^^A^CDTt^OROMgPi!, x — 
MgBiCEE PROM, RAM^IDRAM^^af, 2m£X±.<D * ^ }) 

t Lx\^tc Q ^j^ras, 3$Mm^M ^e- y 3 o 3 ^^iifr^^t y 

XhZ^tfrh, ROMgB, RAMgPM^cDflftt ^f5o ^yg&£^Bfm£M 
^^K«t5r ir^j; 19, R OMgfli: R AMgtf<7>^£:frff{c§iJ ^ Jg<5 ^ 
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K©l^T'fc6„ 20 1t^U#il!iIC*-Flt 3H^f^2 0 2, 
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h^f-^^mmm2 o zfrhmt&tiz^—? 2 0 7 ^tym^r^-r^ 

^;P2 0 5liJ;oTlj±liI^U 5£§:{f^M2 0 2 3r^LT, t^VfoM^^ 

i&^j-ew:, -^^m^M * y 206C hjsm 2 -e^ Lfc^mffoHJHP 

ZT^J¥i 0 00AJ^T©M©'b©MLT*5^ MJjmffi3M£T£-tir6 

i^<tsp zT(Dw^^nm-t^ r t # pxtg^ tested, ftm<®&<D'£4k<D 

o 

^B^(i, ^fim#:^> m^wmvmm , mv£*^y (FeRAM) x 

o 
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0[4, *«WO||lfi^lc43{t5S7c^®^W«S^®ffi(D±gB«>|®P b«/$ 
*W4Sr*-f0-C*)5. If? 5 054, *«W©3?*«fc*$»t5*ii«iMS©±««« 
P b|Hj*##tt$r*1-B-C*>3o J6BW, *»9l©Sgft«fc;MI*5J|Sft$fr«H4 
©±«B5mtt*#ttSr^-fB|-C*>5. IB 7 0(4, *«n«D3dfeMi=43ttfitiE59WR 
IW*©fc;*yy ?/^*artr*i-B-Cfc*. H8 0(4, *36W©**«fc*Jtt5X 
RD0^°*-;x£r^1-0-efc5 o H90f4, ;^n®9tllMK:J:3aMRttflq|f 

jgl 1014, *3SMo^*«©T«BJm«©«W-^afcSr*i-HT?*)S. 1 120(4 

it-fcS, fgl 3 014, *«Wol9fc«fcJ:«gi»im#:*^©»fBH-ea!,'5. £§ 

14014, *&m<DmMM\c£zimmitmi-<omm®-?b?> e mismn, p 

t-PbOZ7Ei«Stffilt'fc5, 116114, Pt, Pt 3 Pb, PZTffl 

mmmx*hz 0 mi 8 0(4, *ftw<DmMMic£%¥m&mw.<Dm&,mx-h% 0 
^190(4, &&m<ontemz£zmffiv*S'y?<Dm&mr'tb?> 0 3^200(4, 
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